Fleas and sucking lice are important vectors of multiple pathogens causing major epidemics worldwide. However these insects are vectors of a wide range of largely understudied and unattended pathogens, especially several species of bacteria's of the genera Bartonella and Rickettsia. For this reason the aim of the present work was to identify the presence and diversity of Bartonella and Rickettsia species in endemic murine typhus foci in Hidalgo, México. A cross-sectional study was carried out to collect small mammals and their associated ectoparasites during October, 2014. Samples of liver and ear of hosts, and ectoparasites were fixed in absolute ethanol and examined to identify the presence of Bartonella and Rickettsia DNA by the amplification of specific fragments of the gltA and ompB genes using conventional PCR. The recovered sequences were compared with those deposited in GenBank, and phylogenetic analyzes were carried out to identify the position of the pathogens detected with respect to the valid species previously reported worldwide. A total of 47 fleas and 172 sucking lice, belonging to five families (Ceratophyllidae, Leptopsyllidae, Ctenophtalmidae, Hoplopleuridae, Polyplacidae) and related to six species were collected from 40 rodents of four species and one shrew. Only four hosts (two P. beatae, and two R. norvergicus) were positive to Bartonella elizabethae, Bartonella vinsonii and Rickettsia typhi. In the case of ectoparasites, 23 specimens of two flea species (Peromyscopsylla hesperomys and Plusaetis mathesoni) tested positive for B. vinsonii. No evidence of Bartonella or Rickettsia was detected in any lice. Our findings represent the first record of Bartonella elizabethae a confirmed zoonotic pathogen causing endocarditis in México and several new associations of Bartonella with Mexican flea species, which highlight the importance of the establishment of active entomological surveillance in wildlife.
Introduction
Fleas and sucking lice are important vectors of multiple pathogens causing major epidemics worldwide, such as plague (Yersinia pestis) and epidemic typhus (Rickettsia prowazekii) . Despite the historical importance of both diseases, this group of ectoparasites has been little studied with respect to other vectors such as mosquitoes or ticks (Gillespie et al. 2009; Bitam et al. 2010; Eisen and Gage 2012) . However, these groups of insects are hosts for a wide range of largely understudied pathogens, especially several species of bacteria of the genera Bartonella and Rickettsia (Bitam et al. 2010 ). The genus Bartonella includes which cause epidemic and murine typhus (Fournier et al. 2003; Fournier and Raoult 2009). In recent decades with the advent of molecular biology techniques, the number of species or strains of both bacteria genera has increased exponentially (Merhej et al. 2014; Regier et al. 2016) . Particularly, fleas and sucking lice associated with rodents are the groups in which more studies have focused for the detection of pathogens, with the identification of 16 validated species of Bartonella, nine of Rickettsia and more than 17 new linages near to several validated taxa (but which require isolation for formal identification) for both genera, associated with 45 flea species and seven sucking lice which are also associated with 42 species of rodents in 24 countries around the world (Table 1) .
at least 33 species of Gram-negative, intracellular and slowgrowing coccobacilli with complex life cycles including multiple vertebrate hosts and vectors, such as B. elizabethae and B. vinsonii arupensis, declared pathogens causing endocarditis in humans and dogs (Breitschwerdt and Kordick 2000; Tsai et al. 2011; Kosoy et al. 2012; Regier et al. 2016 ). On the other hand, Rickettsia encompasses 26 species of obligate intracellular bacteria which are transmitted by different groups of hematophagous arthropods such as ticks, lice and fleas (Fournier and Raoult 2009; Merhej et al. 2014) . Rickettsia species are classified into four groups, two of which are pathogens for man: members of the Spotted Fever group [SGF] (R. conorii, R. massiliae, R. rickettsii and R. parkeri) and Typhus group [TG] (R. prowazekii and R. typhi) , this latter group is transmitted exclusively by lice and fleas, Due to the great diversity of potential vectors and the historical presence of human cases of murine typhus in the centre of the country; the purpose of this study was to identify the presence and diversity of Bartonella and Rickettsia species in a focus of murine typhus in Hidalgo, México.
Material and Methods
During August to September 2014, we sampled in two private ranches from Mineral del Monte and Tulancingo de Bravo (Figure 1) , in the state of Hidalgo, México, close to sites where human murine typhus cases have been reported (CENAPRECE 2016) . This study was approved by the Ethics and Research Committee of the Medical Faculty of the Universidad Nacional Autónoma de México [FMED/ CI/JMO/004/2012].
In order to identify the presence of several flea-borne and louse-borne pathogens (Rickettsia and Bartonella) in small mammals and their associated ectoparasites, we trapped small mammals using Sherman traps following Romero-Almaraz et al. (2007) , under permission FAUT-0170 from the Secretaría del Medio Ambiente y Recursos Naturales. All mammals were sacrificed in accordance with the Guidelines of the American Society of Mammalogists for the Use of Wild Mammals in Research (Sikes et al. 2016) . We performed the necropsy of each animal, extracting a portion of liver and ear which were fixed in 96 % ethanol until its processing in the laboratory. Additionally, fleas and lice were recovered from host's bodies by manual inspection and fixed in absolute ethanol. Hosts and fleas were identified and deposited at the Mammal Collection and the Flea Collection of the Museo de Zoología "Alfonso L. Herrera" Facultad de Ciencias (MZFC) and Colección del Centro de Medicina Tropical, Facultad de Medicina (CMTFM), both belonging to Universidad Nacional Autónoma de México.
For morphological determination, fleas and lice were mounted on slides using the modified techniques of Kim et al. (1986) and Wirth and Marston (1968) . Species were identified using specialized taxonomic keys such as Kim et al. (1986) for lice and Acosta and Morrone (2003) , Hastriter (2004) , Hopkins and Rothschild (1971) , Morrone et al. (2000) , and Traub (1950) for fleas.
From collected ectoparasites and hosts tissues, we extracted DNA with the QIAamp® DNA Mini Kit (QIAGEN, Hilden, Germany). As an endogenous internal control and for molecular identification of the ectoparasites, we amplified a fragment of 400 bp of Cytochrome Oxidase Subunit I (COI) gene. For pathogens detection, we amplified a fragment of gltA and ompB genes specific for each group using primers and temperature conditions previously reported ( Table 2) .
The reaction mixture consisted of 12.5 μL of GoTaq® Green Master Mix, 2X of Promega Corporation (Madison, WI, USA), the pair of primers (100 ng each), 6.5 μL nucleasefree water and 30 ng DNA in a final volume of 25 μL (Sánchez-Montes et al. 2016a, b) .
PCR products were resolved in 2 % agarose gels using TAE buffer at 85 V during 45 minutes and visualized using an ODYSSEY CLx Imaging System (LICOR Biosciences). Purified amplification products were submitted for sequencing at Macrogen Inc., Korea.
Sequences were analysed and edited using Bioedit version 5.0.9 Sequencing Alignment Editor Copyright © program and deposited in GenBank under accession numbers (MG952757 to MG952772). In order to identify the species of Bartonella and Rickettsia, we used the similarity criteria of the gltA and ompB genes proposed by La Scola (2003), Roult (2009) and Fournier et al. (2003) . Global alignments were done using Clustal W (Thompson et al. 1994) and the best substitution model was selected based on the lowest BIC (Bayesian Information Criterion) score for each gene using MEGA 6.0 (Tamura et al. 2011; Sánchez-Montes et al. 2016c) . Additionally phylogenetic reconstruction was done using Maximum Likelihood also in MEGA 6.0 and branch support was evaluated over 10,000 bootstrap replications.
Results
We collected 40 rodents from four species (Mus musculus, Peromyscus beatae, Rattus norvergicus, and Reithrodontomys sumichrasti), and one shrew (Sorex ventralis), which are deposited in the MZFC under the following catalogue numbers LRR001 to LRR040. We detected the presence of Bartonella DNA in four samples of liver of two P. beatae (2/26 = 7.69 %) and two R. norvergicus (2/4 =50 %). Sequences recovered from P. beatae exhibited a similarity of 98 % with B. vinsonii vinsonii (a member of the Bartonella vinsonii complex) and those from R. norvergicus corresponded in a 100 %, respectively with B. elizabethae (Figure 2 ). In the case of (Figure 3) . A single R. norvergicus specimen presents co-infection between B. elizabethae and R. typhi.
Hosts were infested by 47 fleas (18 females, 29 males), and 172 sucking lice (60 females, 39 males, 73 nymphs), distributed in six taxa, five species belonging to five families and six genera (Table 3) . No fleas or lice were recovered from M. musculus and S. ventralis. After morphological identification was done, we amplified a fragment of 400 bp of Cytochrome oxidase subunit I (COI) in all ectoparasites recovered, in order to corroborate the identification of all samples, especially of those damaged specimens and nymphal stages. DNA sequences of the COI for four of the six species analysed were deposited in GenBank with the following accession numbers: C. tecpin (MG952757), P. hesperomys adelpha (MG952758); P. mathesoni (MG952759), P. spinulosa (MG952772) and H. reithrodontomydis (KT151126). No complete sequences were obtained for J. b. breviloba. We detected the presence of the same Bartonella lineage previously refereed in P. beatae, in two flea species (six P. hesperomys adelpha and 17 P. mathesoni) recovered from the two hosts which tested positive and from three others that were negative (Table 3) . Sequences from fleas and hosts shape a single cluster within our phylogenetic analysis (Fig. 1) . None of the flea or sucking lice species analysed was positive for Rickettsia DNA.
Discussion
We report for the first time the presence of two species of Bartonella and one of Rickettsia in the state of Hidalgo, México. The first Bartonella species is a member of the B. vinsonii complex, closely related with previous sequences detected in Cricetid rodents and fleas of the northern México (Rubio et al. 2014; Fernández-González et al. 2016) . Also, this is the first study to report the presence of a Bartonella in the fleas P. hesperomys adelpha and P. mathesoni and in the host P. beatae (Table 1) . Our phylogenetic analysis grouped sequences of B. vinsonii from P. hesperomys adelpha, P. mathesoni and P. beatae in a single cluster, then, our inference is that both flea species could be the potential vectors of these. Additionally, positive P. hesperomys adelpha were recovered from negative hosts, suggesting that these fleas may disseminate the pathogen in non-infected individuals among the rodent population bacteria (Kosoy et al. 1997; Morick et al. 2010) . However, it is necessary to carry out tests to verify their vectorial capacity. Both species of fleas have a restricted distribution in México, which extend along the northeastern and central parts of the country, parasitizing several cricetid species such as Peromyscus levipes, P. maniculatus, Reithrodontomys megalotis (P. mathesoni) and P. difficilis (P. hesperomys adelpha), so it is not unexpected that this strain of bacteria is widely dis- We also report for the first time the presence of B. elizabethae in México, a zoonotic bacterial that may causes endocarditis and neuroretinitis in humans. This agent was reported for the USA in the 1990's, however, is has become an emerging problem in several countries of Southeast Asia, Portugal and France (Regier et al. 2016; Tay et al. 2016) . Bartonella elizabethae is mainly transmitted by the rat flea Xenosylla cheopis (Table 1) ; however, in our study we did not recovered any fleas from the four R. norvergicus analysed. The higher prevalence of B. elizabethae in collected murid rodents suggests the presence of this flea or other competent vector in the area (Bitam et al. 2012) . Additionally, we compiled evidence for the first time of the presence of R. typhi in rodents of the state of Hidalgo. This Rickettsia produces febrile cases with a wide range of severity that can lead to systemic failure in less than 5% percent of cases (Zavala-Castro et al. 2009 ). In the state of Hidalgo, three cases of murine typhus had been reported between 2005 to 2010, nevertheless, in 2015 there was an outbreak with 12 cases (Centro Nacional de Vigilancia Epidemiológica y Control de Enfermedades 2018).
Only one rat reported coinfection by B. elizabethae and R. typhi, a phenomenon that has been previously reported, probably because both pathogens are transmitted by the same flea species (Table 1) . This reinforces the hypothesis of the presence of this vector in the study area (Marie et al. 2006; Bitam et al. 2012; Frye et al. 2015) . The presence of positive Norway rats for these two zoonotic pathogens is a risk to human health, because this rodent species invade suburban and urban areas, live and thrive in human settlements and could carry fleas that can feed on human hosts and produce urban outbreaks. Our findings represent the first record of several confirmed zoonotic pathogens that can cause murine typhus and endocarditis in México, which highlight the importance of the establishment of active entomological surveillance in wildlife. 
